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FRACTURED EARTH
LABORATORY

Simultaneous measurements of fracture
and fluid flow at subsurface conditions

SUMMARY
Researchers at Los Alamos apply extensive knowledge and expertise
through the Los Alamos Fractured Earth Laboratory to measure elusive
rock fracture, chemical, cementing, and flow properties with purpose-
built systems that apply new and emerging measurement approaches.
Unlike traditional rock mechanics laboratories, this unique laboratory
capability allows researchers to accurately measure and observe
fracture growth and transient flow in rock samples with
microtomography at subsurface conditions. This provides critical
information to solve complex and challenging subsurface fracture and
flow process problems. Los Alamos is seeking to offer the Fractured
Earth Laboratory’s measurement capabilities and expertise to
researchers and developers in the oil and gas; geothermal; and the
carbon capture, sequestration, and utilization industries. By utilizing the
Fractured Earth Laboratory’s capabilities, researchers in these
industries will have access to tools diagnose problems and develop
solutions to subsurface issues.

MARKET APPLICATION
These experimental measurements of fracture and flow properties of
rock samples at high-pressures and high-temperatures provide key
insights and critical data for several energy market sectors, including
but not limited to: geothermal, mining, oil and gas, waste disposal, CO2
sequestration, tunnel construction, water resources, seismic risk
assessment, and infrastructure. Los Alamos researchers are able to
apply the full functional capabilities of the Fractured Earth Laboratory to
diagnose and address Earth Science problems regarding leaks,
environmental risks, inefficiencies, and inadequate performance of
fracture-dominated subsurface flow systems vital to industries operating
in the subsurface of the Earth.

BENEFITS
The Los Alamos Fractured Earth Laboratory offers several
benefits to multiple industries interested in solving
subsurface problems:

Provides the tools and expertise needed to measure
coupled processes in the subsurface environment
using 3D, real-time imaging.
Ability to obtain data at subsurface conditions to avert
the ambiguity caused by stress cycling.
Ability to observe dynamic fracture growth
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WHY WE ARE BUILDING FRACTURED EARTH LABORATORY
The ability to observe and understand how different rocks respond to applied stress, such as fracturing, at subsurface conditions is
critically important to solving subsurface issues. Specifically, Los Alamos researchers designed and built the Fractured Earth Laboratory
to study elusive and challenging cementing, rock fracture, chemistry, and flow processes for subsurface energy and waste disposal
applications. This leverages extensive experience and expertise in rock mechanics, fluid flow and reactive transport in different geologic
media. This unique ability to integrate, design, and perform experiments in the Fractured Earth Laboratory’s advanced facility positions
Los Alamos to help the Oil and Gas, Geothermal, and Carbon Capture, Sequestration, and Utilization industries solve their most
challenging subsurface problems.

WHAT'S BEHIND OUR TECHNOLOGY
The Los Alamos Fractured Earth Laboratory incorporates the latest generation of multi-sensor feedback-control technology to facilitate
complex test procedures. These facilities feature fully instrumented with (1) multi-physical sensing systems that can interlink physical
processes to field signals and data featuring a large high-pressure high-temperature ‘quad-pore’ triaxial cell, (2) an x-ray transparent
triaxial coreflood apparatus, (3) a large optically transparent true-triaxial cell, and (4) a high-pressure microfluidics optical cell for accurate
measurements. The Fractured Earth Laboratory also offers advanced testing of rock samples up to 250 mm in size, at high temperatures,
at pressures up to 70 MPa, at an axial force up to 1 MN, with advanced pore fluid flow control. This is coupled with Los Alamos
researchers’ extensive expertise and experience in equipment design, test control theory, test execution, and data analysis to tackle new
and emerging challenges and problems in subsurface geomechanics, hydraulics, and chemistry.

OUR COMPETITIVE ADVANTAGES
The Fractured Earth Laboratory has the capability to characterize shear stress on natural fractures in rock attributed to the development
of our triaxial direct-shear technology. These tests continuously measure fracture permeability to probe transient flow processes, with a
high degree of sensitivity. Our x-ray imaging capability offers three-dimensional (3D) geometry measurements at high-stress conditions to
reduce ambiguity for subsurface process observations. The Fractured Earth Laboratory capabilities can significantly reduce the time to
develop, design, and conduct research to support the development of efficient, economic, and field- scalable Oil and Gas, Geothermal,
and Carbon Capture, Sequestration, and Utilization technologies.

OUR TECHNOLOGY STATUS
The Fractured Earth Laboratory is an active, service-oriented research and development laboratory that allows researchers to measure
rock samples at high-pressure and high-temperature conditions. Our Fractured Earth Laboratory capabilities are well tested and have
been utilized for several Oil and Gas, Geothermal, and Carbon Capture related projects. The Fractured Earth Laboratory is supported by
expert trained and experienced research scientists who are eager to collaborate or conduct work on behalf of companies and universities
working on challenging subsurface fracture and flow process questions.

PUBLICATIONS AND IP
Meng, M. Frash, L.P., Carey, J.W., Li, W., Welch, N.J. (coming soon) Cement stress and microstructure evolution during curing in semi-
rigid high-pressure environments. Cement and Concrete Research.

Li, W., Frash, L.P., Carey, J.W., Welch, N.J. Meng, M., Nguyen, H., Viswanathan, H.S., Rougier, E., Lei, Z., Rahimi-Aghdam, S., Bažant,

Z.P. (coming soon) Injection parameters that promote branching of hydraulic cracks. Geophysical Research Letters.

Frash, L.P., Fu. P., Morris, J., Gutierrez, M., Neupane, G., Hampton, J., Welch, N.J., Carey, J.W., Kneafsey, T. (2020) Fracture caging to
limit induced seismicity. Geophysical Research Letters.

Menefee, A.H., Welch, N.J., Frash, L.P., Hicks, W., Carey, J.W., Ellis, B.R. (2020) Rapid mineral precipitation during shear fracturing of
carbonate-rich shales. Journal of Geophysical Research: Solid Earth.

Welch, N.J., Frash, L.P., Harp, D.H., Carey, J.W. (2020) Shear strength and permeability of the cement-casing interface. International
Journal of Greenhouse Gas Control.

Li, W. Frash, L.P., Welch, N.J., Carey, J.W. (2020) Stress-dependent fracture permeability measurements and implications for shale gas
production. Fuel.

Frash, L.P., Carey, J.W., Welch, N., Ickes, T. (2019). Scalable en echelon shear-fracture aperture-roughness mechanism: Theory,
Validation, and Implications. Journal of Geophysical Research – Solid Earth.

DISCLAIMER: THE INFORMATION PROVIDED IS FOR INFORMATIONAL PURPOSES ONLY. THE TECHNOLOGY, RESEARCH, AND INTELLECTUAL
PROPERTY DESCRIBED ARE SUBJECT TO ONGOING RESEARCH AND DEVELOPMENT AT LOS ALAMOS NATIONAL LABORATORY, AS MANAGED AND
OPERATED BY TRIAD NATIONAL SECURITY, LLC (TRIAD). TRIAD AND ITS MEMBERS, OFFICERS, EMPLOYEES, AND AGENTS, SPECIFICALLY DISCLAIM
ANY REPRESENTATION, WARRANTY, OR GUARANTEE AS TO THE SAFETY, EFFICACY, USEFULNESS, BENEFIT, PERFORMANCE, SUCCESS, OR ANY
PARTICULAR OUTCOME OF THE TECHNOLOGY, RESEARCH, OR INTELLECTUAL PROPERTY RELATING HERETO, IN WHOLE OR IN PART.



Frash, L.P., Carey, J.W., Ickes, T., Viswanathan, H. (2017) Caprock integrity susceptibility to permeable fracture creation. Journal of
Greenhouse Gas Control.

Frash, L.P., Carey, J.W., Lei, Z., Rougier, E., Ickes, T., Viswanathan, H. (2016) High-stress triaxial direct-shear fracturing of Utica shale
and in situ X-ray microtomography with permeability measurement. Journal of Geophysical Research – Solid Earth.

Hyman, J.D., Jiménez-Martinez, J., Viswanathan, H.S., Carey, J.W., Porter, M.L., Rougier, E., Karra, S., Kang, Q., Frash, L., Chen, L., Lei,
Z., O’Malley, D., Makedonska, N. (2016) Understanding hydraulic fracturing: a multi-scale problem. Philosophical Transactions A.

Carey, J. W., Lei, Z., Rougier, E., Mori, H., & Viswanathan, H. S. (2015). Fracture‐permeability behavior of shale. Journal of
Unconventional Oil and Gas Resources.

DISCLAIMER: THE INFORMATION PROVIDED IS FOR INFORMATIONAL PURPOSES ONLY. THE TECHNOLOGY, RESEARCH, AND INTELLECTUAL
PROPERTY DESCRIBED ARE SUBJECT TO ONGOING RESEARCH AND DEVELOPMENT AT LOS ALAMOS NATIONAL LABORATORY, AS MANAGED AND
OPERATED BY TRIAD NATIONAL SECURITY, LLC (TRIAD). TRIAD AND ITS MEMBERS, OFFICERS, EMPLOYEES, AND AGENTS, SPECIFICALLY DISCLAIM
ANY REPRESENTATION, WARRANTY, OR GUARANTEE AS TO THE SAFETY, EFFICACY, USEFULNESS, BENEFIT, PERFORMANCE, SUCCESS, OR ANY
PARTICULAR OUTCOME OF THE TECHNOLOGY, RESEARCH, OR INTELLECTUAL PROPERTY RELATING HERETO, IN WHOLE OR IN PART.


